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(54) FUEL CELL SYSTEM AND WATER COLLECTION METHOD 



■U 4i (57)Abstract: 
PROBLEM TO BE SOLVED: To provide a fuel cell systenn allowing effective 
collection of pure water required in the systenn. 

SOLUTION: This fuel cell systenn has a fuel cell 3, a hydrogen supply system 1 
for supplying a hydrogen-containing gas to the fuel cell 3, an oxygen supply 

system 7 for supplying an oxygen-containing gas to the fuel cell 3, a condenser 5 
provided in an exhaust passage from the fuel cell 3, water tank 8 for storing 
water to be supplied in the system, a sensor 9 and a controller 10. The sensor 9 




detects a changing annount of water stored in tiie water tanl< 8. Wlien tlie change 
annount of the stored water detected by the sensor 9 beconnes within a 
prescribed range, the controller 10 outputs a signal for increasing a pressure of 
the water-containing gas fed to the condenser 5. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A fuel cell and the hydrogen supply system which supplies hydrogen 
content gas to said fuel cell, In the fuel **** system equipped with the oxygen 
supply system which supplies oxygen content gas to said fuel cell, the condenser 
formed in exhaust air passage from said fuel cell, and the water tank with which 
the water for supplying in a system was held The fuel cell system characterized 
by having the control means which outputs the signal to which the pressure of 
the moisture content gas sent to said condenser is made to increase when the 
variation of the struk capacity detected by the sensor which detects the variation 
of the struk capacity in said water tank, and said sensor becomes the 
predetermined range. 

[Claim 2] Said control means is a fuel cell system according to claim 1 
characterized by outputting the signal which makes the pressure of oxygen 
content gas increase to said fuel cell to the compressor which supplies oxygen 
content gas. 

[Claim 3] Said control means is a fuel cell system according to claim 1 or 2 
characterized by outputting the signal to which the pressure of the moisture 
content gas which passes the condenser concerned is made to increase to the 
flow control valve prepared in the outlet of said condenser. 
[Claim 4] Said control means is a fuel cell system according to claim 1 
characterized by outputting the signal to which the output is reduced and the flow 
rate of oxygen content gas is reduced to said fuel cell. 

[Claim 5] The water recovery approach in the fuel cell system characterized by 
controlling the pressure of the moisture content gas which passes a condenser 
according to the amount of water retention fluctuation in a system. 
[Claim 6] It is the water recovery approach in the fuel cell system according to 



claim 5 characterized by mal<ing the pressure of the moisture content gas which 
passes said condenser increase when collecting water. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the fuel cell system 
which can collect efficiently the pure water needed within a system according to 
water level about a fuel cell system. 
[0002] 

[Description of the Prior Art] This l<ind of fuel cell system is equipment which 
changes into direct electrical energy the energy which a fuel has, supplies the 
fuel gas containing oxygen to the cathode of another side, and tal<es out 
electrical energy from an electrode using the following electrochemical reaction 
produced on the front face by the side of the electrolyte membrane of the 
electrode of these couples while it supplies the fuel gas containing hydrogen to 
the anode plate of the electrodes of the couple prepared on both sides of the 
electrolyte membrane (for example, refer to JP,8-106914,A). 



[0003] 

[Formula 1] Anodic reaction: H2 ->2H+ +2e-catlnode reaction: 2H+ +2e- +(1/2) 
02 -> H2 As equipnnent wliicli generates the fuel gas supplied to the electrode of 
O couple The compressor which carries out steam reforming of the methanol, 
adopts air as equipment which generates the fuel gas containing hydrogen as 
equipment which generates the refining machine made into the fuel gas which 
contains hydrogen so much, and the fuel gas containing oxygen, and is made 
into the compressed air is known. And after cooling the compressed air from a 
compressor with an after-cooler, while supplying the cathode (air pole) of a fuel 
cell, the hydrogen content gas by which refining was carried out with delivery and 
the refining vessel concerned in the methanol to the refining machine is supplied 
to the anode plate (fuel electrode) of a fuel cell from a fuel tank. 
[0004] 

[Problem(s) to be Solved by the Invention] In such a fuel cell system, in order to 
make the 1st generate hydrogen with a refining vessel, it is necessary to supply 
water with a methanol. Moreover, in order to make the electrolyte membrane of a 
fuel cell 2nd become wet, it is necessary to humidify at least one side among the 
air supplied to a fuel cell, and reformed gas, and the water for it is needed. In 
order to make it circulate within a system, without supplying from the outside the 
water consumed by these fuel cell system (meals are provided), collecting water 
by making the exhaust of the fuel cell containing many moisture condense is 
performed. 

[0005] On the other hand, in order to make effectiveness of the whole fuel cell 
system high, maintaining the same output, it is necessary to stop the power 
consumption of the compressor which supplies air. Although it can consider to 
this that the two approaches of making the discharge pressure of a compressor 
small make an air flow rate small, since the amount of oxygen required of the 
electrochemical reaction which takes out the electrical and electric equipment in 
a fuel cell was decided, an air flow rate is not made small below at the flow rate 
decided by the output of a fuel cell. Therefore, the method of raising the 



effectiveness of a fuel cell system Is taken by nnaking the discharge pressure of a 

connpressor as snnall as possible. 

[0006] However, the annount of the water condensed since the air pressure which 
joins the capacitor formed in the exhaust passage of a fuel cell will also become 
small and the amount of saturated steam will become large, if the discharge 
pressure of a compressor is made low in this way decreases. For this reason, 
when the fuel cell system which performs low voltage force operation did not 
have the fully low temperature of the cooling water supplied to a capacitor, the 
amount of water recoverable by the capacitor became less than the amount of 
the water consumed within a system, and had the problem that pure water ran 
short. 

[0007] This invention is made in view of the trouble of such a conventional 
technique, and aims at offering the fuel cell system which can collect efficiently 
the pure water needed within a system. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, 
(1) A fuel cell system according to claim 1 A fuel cell and the hydrogen supply 
system which supplies hydrogen content gas to said fuel cell. In the fuel **** 
system equipped with the oxygen supply system which supplies oxygen content 
gas to said fuel cell, the condenser formed in exhaust air passage from said fuel 
cell, and the water tank with which the water for supplying in a system was held 
When the variation of the struk capacity detected by the sensor which detects the 
variation of the struk capacity in said water tank, and said sensor becomes the 
predetermined range, it is characterized by having the control means which 
outputs the signal to which the pressure of the moisture content gas sent to said 
condenser is made to increase. 

[0009] If the discharge pressure of a compressor is reduced in order to raise the 
effectiveness of a fuel cell system, maintaining a fixed output, since the amount 
of saturated steam of moisture content gas will increase, the amount of water 
recoverable [ with condensation ] decreases. However, in invention according to 



claim 1, since tlie pressure of tlie moisture content gas sent to a condenser is 
made to increase wlien a sensor detects the variation of tlie strul< capacity in a 
water tanl< and recovery of water is needed, the amount of saturated steam 
decreases and, thereby, the amount of recovery of water increases. While 
usually being able to raise the effectiveness of a fuel cell system by preparing the 
operation mode to which such an amount of water recovery is made to increase, 
only when required, the amount of recovery of water is made to increase and 
water can be provided within a system. 

[0010] In addition, in invention according to claim 1, the oxygen content gas (for 
example, air) and hydrogen content gas (for example, reformed gas or hydrogen 
gas) which are discharged from a fuel cell as moisture content gas may be said, 
and you may be which gas. 

[001 1] Moreover, the variation of the struk capacity in a water tank is the 
meaning which includes widely the weighted solidity about residues of water, 
such as a decrement per unit time amount of the capacity of the water held in the 
water tank itself, and struk capacity. 

[0012] (2) In invention of the claim 1 above-mentioned publication, especially the 
technique to which the pressure of the moisture content gas sent to a condenser 
is made to increase is not limited, for example, technique according to claim 2 to 
4 is mentioned. 

[0013] That is, in a fuel cell system according to claim 2, said control means is 
characterized by outputting the signal which makes the pressure of oxygen 
content gas increase to said fuel cell to the compressor which supplies oxygen 
content gas. 

[0014] In this fuel cell system according to claim 2, since the pressure of the 
oxygen content gas sent to a fuel cell is made to increase from a compressor, the 
pressure of the exhaust oxygen content gas which passes a condenser also 
increases, it is that the amount of saturated steam decreases, and the amount of 
recovery of water increases. 

[0015] Moreover, in a fuel cell system according to claim 3, said control means is 



characterized by outputting the signal to which the pressure of the moisture 
content gas which passes the condenser concerned is made to increase to the 
flow control valve prepared in the outlet of said condenser. 
[0016] In this fuel cell system according to claim 3, since the pressure of the 
moisture content gas which controls the flow control valve of a condenser outlet 
and passes a condenser (specifically making whenever [ valve-opening ] small) 
is made to increase, the amount of saturated steam decreases and the amount 
of recovery of water increases. This technique is independent or can be adopted 
combining technique according to claim 2. 

[0017] Moreover, in a fuel cell system according to claim 4, said control means is 
characterized by outputting the signal to which the output is reduced and the flow 
rate of oxygen content gas is reduced to said fuel cell. 

[0018] By this fuel cell system according to claim 4, the oxygen content quantity 
of gas flow till then is reduced by once reducing the output of a fuel cell. Since 
the pressure of oxygen content gas increases by this and the pressure of the 
exhaust oxygen content gas which passes a condenser also increases, the 
amount of saturated steam decreases and the amount of recovery of water 
increases. According to this invention, a compressor, its drive motor, etc. can be 
made efficient to compensate for low voltage efficient operation of a fuel cell 
system, and system-wide effectiveness can be raised. 
[0019] (3) In order to attain the above-mentioned object, the water recovery 
approach in the fuel cell system according to claim 5 by other viewpoints of this 
invention is characterized by controlling the pressure of the moisture content gas 
which passes a condenser according to the amount of water retention fluctuation 
in a system. 

[0020] The amount of saturated steam of the gas concerned can change, and, 
thereby, the amount of condensation can be controlled by controlling the 
pressure of the moisture content gas which passes a condenser. 
[0021] When collecting water especially like the water recovery approach in a 
fuel cell system according to claim 6, it is desirable to make the pressure of the 



moisture content gas which passes said condenser increase. Since the annount 
of saturated steann of nnoisture content gas is nnostly in inverse proportion to a 
pressure, if the pressure of the nnoisture content gas concerned is nnade to 
increase, the annount of saturated steann will decrease, consequently the annount 
of repair of water will increase. 

[0022] In addition, the annount of water retention fluctuation is the nneaning which 
includes widely the weighted solidity about residues of water, such as a 
decrement per unit time amount of the capacity of water itself, and struk capacity 
currently stored by the water tank. 
[0023] 

[Effect of the Invention] Since according to invention according to claim 1 to 6 
water recovery mode operation which heightens the pressure of the moisture 
content gas which passes a condenser is performed, and low voltage mode 
operation is performed when recovery of water is unnecessary when the residue 

of water decreases, pure water can be provided within a fuel cell system, raising 
the effectiveness of the whole fuel cell system. 

[0024] Moreover, by raising system-wide effectiveness, the capacity of a water 
tank itself and the capacity of a rechargeable battery itself can be made small, 
and it is planned whether it is a miniaturization and low cost of a system. 
[0025] In addition, according to invention according to claim 4, since a 
compressor, its drive motor, etc. can be made efficient to compensate for low 
voltage efficient operation of a fuel cell system, system-wide effectiveness can be 
raised further. 
[0026] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained based on a drawing. 

The block diagram in which 1st operation gestalt drawing 1 shows the operation 
gestalt of the fuel cell system of this invention, drawing 2 , and drawing 3 are flow 
charts which show the control procedure of this operation gestalt. 
[0027] First, the fuel cell system of this operation gestalt has the fuel cell 3 with 



which the counter-electrode was prepared on both sides of the electrolyte, the 
connpressed air (it is equivalent to the oxygen content gas of this invention.) fronn 
a connpressor 7 is supplied to the cathode side of this fuel cell 3, and the 
hydrogen content gas (it is equivalent to the hydrogen content gas or refornned 
gas of this invention.) fronn the refining nnachine 1 is supplied to an anode plate 
side. 

[0028] A compressor 7 adopts the open air etc., responds this to the load of a 
system, and is 0.5-2kg/cm2. Although it compresses to extent and a fuel cell 3 is 
supplied, especially the type is not limited but can use **, such as a piston type 
compressor, a scrolling type compressor, or a turbo type compressor. 
[0029] Although the air supplied to a fuel cell 3 has the desirable temperature of 
80-85 degrees C, since the air compressed with the compressor 7 is usually 150 
degrees C or more, in order to cool this to the above-mentioned temperature 
requirement, it is desirable to form an after-cooler etc. between a compressor 7 
and a fuel cell 3. A water cooling type and anything air-cooled can use this kind 
of after-cooler. 

[0030] It is what the refining machine 1 carries out steam reforming of the 
methanol held in the fuel tank 12, and is made into the fuel gas which contains 
hydrogen so much on the other hand. The refining section which generates the 
reformed gas which is made to carry out synchronization of the decomposition 
reaction of the methanol shown in the following formula in response to supply of 
a methanol and water, and the reaction of degeneration of a carbon monoxide, 
and contains hydrogen and a carbon dioxide, It has the shift section which 
denaturalizes the unreacted carbon monoxide and the water in the reformed gas 
obtained in this refining section to hydrogen and a carbon dioxide by the same 
reaction of degeneration, and generates fuel gas with many hydrogen contents. 
Supply of the methanol from the fuel tank 12 to the refining machine 1 and water 
is performed by the pump 13. 
[0031] 

[Formula 2] Methanol reaction: CH3 OH->CO+2H2 -21.7 kcal/mol reaction of 



degeneration : C0+H2 0->C02 +H2 Whole +9.8 kcal/nnol reaction : CHS 0H+H2 
0->C02 +3H2 Altliougli tine detailed graphic display which is -1 1 .9 kcal/nnol is 
onnitted A part of fuel gas which the connbustor which has a burner for heating the 
active zone in the refining section and the shift section which were nnentioned 
above is prepared in the refining nnachine 1, and was generated by refining 
machine 1 the very thing The ennission gas fronn a fuel cell 3 will be sent in, and 
the unreacted hydrogen gas in the ennission gas concerned will burn here. The 
air from a compressor 7 is supplied to this combustor as combustion air besides 
these hydrogen gas. 

[0032] In a fuel cell 3, on both sides of an electrolyte, the following carries out 
[ the compressed air introduced into cathode (air pole), and the hydrogen content 
gas introduced into the anode plate (fuel electrode) ] electrochemical reaction in 
an electrode surface, and, thereby, electrical energy is taken out to a 
rechargeable battery 4. 
[0033] 

[Formula 3] anodic reaction: - H2 ->2H+ +2e-cathode reaction: - 2H+ +2e- 
+(1/2) 02 ->H2 O - at this time, the pure water held in the water tank 8 is 
supplied to the cathode side of a fuel cell 3 as an object for humidification of the 
compressed air through a humidifier 2. Moreover, the exhaust which became a 

surplus by the pure-water [ which was generated by the cathode side in the 
above-mentioned reaction ] and cathode side is sent to a capacitor 5 (it is 
equivalent to the condenser of this invention.). 

[0034] The cooling water for making this capacitor 5 condense the exhaust which 
passes through this is sent, and this cooling water is cooled with a radiator 6. The 
water of condensation generated by the capacitor 5 is collected to a water tank 8, 
and is again sent to the refining machine 1 and a humidifier 2 with a pump 13. 
Moreover, the flow control valve 1 1 is formed in outlet piping of a capacitor 5, and 
the opening is controlled by the command signal from a control unit 10. 
[0035] The sensor 9 is formed at least for the water which detects the residue of 
the pure water held in the water tank 8 concerned, and the detecting signal 



according to a sensor 9 at least in this water is sent out to a water tanl< 8 to a 
control unit 10. This control unit 10 incorporates the residue of the pure water 
with which at least water is sent out fronn a sensor 9, calculates the residue 
variation of the pure water concerned, judges whether it considers as water 
recovery mode operation, and controls a connpressor 7, a rechargeable battery 4, 
and a flow control valve 1 1 . 

[0036] Next, an operation is explained. As shown in drawing 2 and drawing 3 , 
when operation of a fuel cell system is started and the output request command 
from an external device is inputted (steps 1-2), a compressor 7 adopts the open 
air, responds this to the load of a system, and is 0.5-2kg/cm2 suitably. After 
compressing (temperature is 150 degrees C or more) and considering as 80-85- 
degree C optimal temperature through an after-cooler, this compressed air is 
supplied to the cathode side of a fuel cell 3. On the other hand, the methanol 
(environmental temperature) held in the fuel tank 12 is supplied to the refining 
machine 1 as methanol + water with a pump 13, and the 300-400-degree C 
hydrogen content gas generated with this refining vessel 1 is supplied to the 
anode plate side of a fuel cell 3. And power is taken out from a fuel cell 3 by the 
electrochemical reaction of these oxygen and hydrogen to a rechargeable battery 
4. At this time, pure water is supplied to the cathode side of a fuel cell 3 through 
a humidifier 2 from a water tank 8. 

[0037] Moreover, the exhaust by the side of the cathode of a fuel cell 3 is led to a 
capacitor 5, and it is collected as the water of condensation to a water tank 8 by 
being cooled with the cooling water which circulates through a radiator 6. 
Moreover, the pure water produced according to the electrochemical reaction 
mentioned above is also contained in this. 

[0038] At this time, at least water measures the water level of a water tank 8 by 
the sensor 9 first with this operation gestalt (steps 3-6). Measurement of this 
water level is called for in the variation (step 6) of the water level in 
predetermined time (step 4). Based on the amount of increase and decrease of 
the water in this water tank 8, the need performs [ operation in water recovery 



mode ] the judgment of how (step 7). 

[0039] By the way, the amount of recovery of the water by the capacitor 5 
becomes what subtracted the moisture content contained in exhaust air of a 
capacitor outlet from the thing adding the moisture content generated at the 
moisture content in atmospheric air, the moisture content of humidification, and 
the reaction of a fuel cell. In this, the moisture content in atmospheric air changes 
with environment conditions of system operation, the moisture content of 
humidification is a moisture content decided according to the operational status 
of a fuel cell 3, and the moisture content generated with a fuel cell 3 is decided 
by the output current of a fuel cell. Moreover, since the moisture content 
contained in exhaust air of a capacitor outlet is decided by the air temperature 
cooled by the capacitor 5, and the air pressure supplied to a capacitor 5, it is 
changed with the fluid temperature for cooling (circulating water temperature) 
and the air pressure which are supplied to a capacitor 5. 
[0040] Therefore, when the circulating water temperature of a capacitor 5 is low, 
and when there are many moisture contents in atmospheric air, the output of a 
fuel cell 3 is large, and air pressure is high, a recycled water daily dose increases 
and, in the case of reverse, it decreases. For this reason, if the output (or current) 
of a fuel cell 3, the circulating water temperature of a radiator 6, the inlet pressure 
of a fuel cell 3, and the water variation in a water tank 8 are measured (step 10), 
the moisture content in the atmospheric air under operation can be counted 
backward, and if this can be found, the increment of the recycled water daily 
dose by gone up part of air pressure can be calculated (steps 11-12). In this way, 
an example of the relation of a recycled water daily dose to the inlet pressure of 
the called-forfuel cell 3 is shown in drawing 6. 

[0041] Based on this count result, the desired value of the pressure in the outlet 
of the capacitor 5 to the moisture content which can be collected according to a 
present environment and present conditions is defined (step 13), and the output 
of a compressor 7 and the opening of a flow control valve 1 1 are adjusted so that 
this desired value may be satisfied (steps 14 and 15). This accommodation result 



measures the inlet pressure of a fuel cell 3, and the outlet pressure of a capacitor 
5, and judges thenn by whether these are nnade into the target preassure force 
(steps 16-18). 

[0042] By carrying out like this, since the nnoisture content collected by the 
capacitor 5 increases, the water level of a water tank 8 will go up (steps 19 and 
20), and when the water level beconnes enough, it is nnade to return to the usual 
low voltage operation fronn (step 7) and the water recovery nnode operation till 
then, and system-wide increase in efficiency is attained (step 8). 
[0043] 2nd operation gestalt drawing 4 is a flow chart which shows other 
operation gestalten of the fuel cell system of this invention, and the configuration 
to steps 1-12 of the 1st operation gestalt mentioned above is the same. Moreover, 
although the fuel cell structure of a system is the same as the 1st operation 
gestalt shown in drawing 1 , let the maximum output of a compressor 7 be the 
minimum pressure needed in order that a fuel cell system may obtain rated 
output. 

[0044] And when the fuel cell 3 is operating by the airflow rate with which a 
compressor 7 cannot be satisfied of this discharge pressure at this time, the 
output of a fuel cell 3 is reduced temporarily and a discharge pressure is made to 
increase by reducing an air flow rate, although the pressure of the exhaust which 

passes a capacitor 5 is raised in order to obtain the pressure of the capacitor 5 
required for water recovery like the 1st operation gestalt mentioned above in 
water recovery mode operation. 

[0045] That is, when it changes to water recovery mode operation (steps 9-12), 
the passage pressure of a capacitor 5 is made to increase by measuring the 
capacity of a rechargeable battery 4 (step 121), reducing the output of a fuel cell 
3, when the charge of this rechargeable battery 4 is larger than the set point 
(steps 122-123), and controlling a compressor 7 and a flow control valve 11 after 
**. Moreover, since the output of a fuel cell 3 cannot be fallen as it is at step 122 
when the charge of a rechargeable battery 4 is smaller than the set point, after 
once progressing to step 124 and step 125, making the output of a fuel cell 3 



increase and nnaking the charge to a rechargeable battery 4 increase, the above- 
nnentioned processing is performed. 

[0046] With this operation gestalt, since it is set as the capacity for which water 
recovery mode operation is precisely carried out, and a compressor 7 and its 
drive motor are needed at worst at a fuel cell system, managing the charge of a 
rechargeable battery 4, while the effectiveness as the whole fuel cell system 
improves, water recovery will also improve. 

[0047] In addition, the operation gestalt explained above was indicated in order to 
make an understanding of this invention easy, and it was not indicated in order to 
limit this invention. Therefore, each element indicated by the above-mentioned 
operation gestalt is the meaning also containing all the design changes belonging 
to the technical range of this invention, or equal objects. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the operation gestalt of the fuel cell 
system of this invention. 

[Drawing 2] It is the flow chart which shows the control procedure of the 



operation gestalt of the fuel cell system of this invention. 

[Drawing 3] It is the flow chart which shows the control procedure of the 

operation gestalt of the fuel cell system of this invention. 

[Drawing 4] It is the flow chart which shows other operation gestalten of the fuel 

cell system of this invention. 

[Drawing 5] It is the graph which shows the change in recycled water to the 
pneumatic pressure of a fuel cell inlet port. 

[Description of Notations] 

1 - Refining machine 

2 - Humidifier 

3 - Fuel cell 

4 - Rechargeable battery 

5 - Capacitor 

6 - Radiator 

7 - Compressor 

8 - Water tank 

9 - At least water is a sensor. 

10 - Control unit 

1 1 ~ Flow control valve 

12 -- Fuel tank 

13 - Pump 
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